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BENDING INTERACTION SUSPENSION BRIDGES 


Haaren A.M. ASCE 


SYNOPSIS 


This paper describes direct method structural design interac- 
tion diagram applied the stiffening trusses suspension bridge. The 
interaction diagram developed gives overall picture the effect 
changes dimensions the cross-section the stiffening truss upon its 
stress and deflection. This diagram drawn analogy bending inter- 
action diagram for statically determinate structure. The Mount Hope Sus- 
pension Bridge used illustrative example. 


INTRODUCTION 


The cable suspension bridge designed string carrying the sus- 
pender loads. long span bridges the stiffening truss very flexible—sim- 
ply supported, with depth length ratio approximately 1:65—and not de- 
signed load carrying member. One function the stiffening truss, how- 
ever, distribute partial live loads from the deck the suspenders, 


that the vertical movements the cable from its dead load position are held 
within specified limits. 

Figure line diagram the channel span the bridge. The shape 
the cable under dead load parabola. When live load comes the span, 
the cable tries take the shape string polygon supporting the live and 
dead loads, illustrated that the unstiffened cable. The truss, tied the 
cable the suspenders, follows its vertical movements, and flexural 
stresses are set the truss which resist the vertical movements the 
cable. the truss were fully flexible—could bent without resistance—the 
cable would take the unstiffened position. the truss were infinitely 
could not bent—the cable would retain its dead load position. Since the 
truss neither fully flexible nor infinitely stiff, the cable takes shape in- 
termediate between these limiting positions. 

One problem find economical truss that will limit the cable de- 
flections without overstressing the truss. trial dimensions are assigned 
the truss, methods analysis are available find its stresses and de- 
method analysis, however, differs from method design, 
that will not show directly the effect change dimensions. 
change dimensions the truss affects both stresses and deflections. 
What needed picture describing the relationships between stress, de- 
flection, area and depth the truss. 

Such picture developed this paper the form graph, and 
called interaction diagram because linear change chord area depth 


Associate Prof. and Exec. Officer, Dept. Civ. Eng., The George Wash- 
ington Univ., Washington, D.C. 
See list references. 
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DEAD LOAD CABLE POSITION 
POSITION UNSTIFFENED CABLE 


INITIAL TRUSS POSITION 
(A) 


DEAD LOAD CABLE POSITION 
STIFFENED CABLE POSITION 


(B) 


DEFLECTIONS THE CABLE AND STIFFENING 
TRUSS UNDER PARTIAL LIVE LOAD. 


STIFFENED CABLE POSITION 
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causes non-linear changes stress deflection. The curves for this graph 
are drawn analogy similar set for simple beam whose bending ac- 
tion result combination transverse bending and axial tension 
loads. First study the stresses and deflections the beam, its di- 
mensions are changed, will presented, and will show the bending inter- 
action due the two types loading. Such study based upon the interpre- 
tation the physical behavior the statically determinate structure, the 
beam, aids understanding the physical behavior the statically indeter- 
minate structure, the stiffening truss. Later the same type bending inter- 
action occurring the stiffening truss due transverse loading and cable 
effect will described, and analogous curves for the stresses and deflec- 
tions the truss developed for its variable dimensions. 


Bending Interaction Diagram for Beam: Axial Tension Plus 
Transverse Bending Loads 


Figure shows simply supported beam subjected transverse bending 
loads and axial tension load The center deflection becomes: 


(1) 


where the bending moment the center including the direct load 
and the transverse loads constant dependent upon the distribution 
the bending loads and the variation moment inertia, along the beam. 


DIAGRAM SIMPLY SUPPORTED BEAM SUBJECTED 
TRANSVERSE BENDING AND AXIAL TENSION LOADS. 


The maximum stress, the outermost fibers also becomes: 


PAc 


(2) 


where represents the cross-sectional area, the bending moment the 
center due the transverse loads only, and half the depth. Combining 
equations (1) and (2): 
(3) 
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Now let consider the second term equation (3) which bending ex- 
pression for the interaction two separate bending effects. One the bend- 
ing stress induced the transverse loads alone acting simply supported 
beam. The other the reduction bending stress due the axial load 
acting the sagged beam. From equation (1), equal PA. 
Therefore, the second term equation (3) can transposed follows: 


where can considered additional equivalent moment inertia re- 
sistance the beam against transverse loading caused the axial load 

Now let show how each separate action affects the stress and deflection 
the beam for various depths and areas. convenient vary the depth 
first, keeping the cross-sectional area constant, and draw set curves 
stress and deflection for various depths. Later the cross-sectional area 
will changed describing families curves the same graph. 

Suppose the transverse loads the only loads the beam. The bend- 
ing stress would then vary inversely with the depth, for constant cross- 
sectional area. This plots curve (b) Figure 3(b), and represented 
follows: 


(4) 


where constant dependent upon the distribution the cross-sectional 


area. 
The axial load reduces the stresses caused the transverse loads. This 


effect alone given equation (4) when zero. Hence: 


which will plot line (a) Figure 3(b). 
The reciprocal equation (4) equal the sum the reciprocals 
equations (5) and (6). 


Equation (4) plots curve (c) Figure 3(b). This curve tangent 
line (a) when negligible comparison and approaches curve (b) 
asymptote when the relative depth the beam makes negligible com- 
parison Curve (b) crosses line (a) the value depth where equals 
and this the depth for which curve (c) has its maximum value, point “2”, 
half the stress value point “1”. 

Figure 3(a) shows deflection curve (d) for different depths but with 
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RELATIVE DEFLECTION 
THE 


DEPTH THE BEAM 


(B) 


DIAGRAM FOR STRESS AND DEFLECTION BEAM FOR 
VARIABLE DEPTH AND FIXED CROSS-SECTIONAL AREA. 
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(A) 
2.0 


constant area. obtained equation (1) which transposed the more 
convenient form equation (8) replacing with PA. Then: 


The maximum deflection the beam represented line (e) occurs when 
zero, and given relative deflection value unity. Curve (d) reverses 
curvature the depth where equals and becomes asymptotic the depth 
axis becomes very large comparison Line (e) determines the 
vertical scale the deflection curve. 

Curves for different cross-sectional areas the beam can also drawn 
Figure Now let the depth the beam fixed. The position line (a) 
determined the depth not the area; hence does not change. The ordi- 
nate curve (b), however, will change inversely with the area. increase 
the area results increase the moment inertia; hence the inter- 
section line (a) and curve (b) Figure 3(b) will the left point “1” 
new value depth such that again equals Curve (c) will change 
correspondingly that has its maximum value the new intersection 
depth line (a) and curve (b). this way family curves for stress can 
drawn for different areas. The equation each new curve (c), obtained 
substituting the new value area for equation (9), which trans- 
posed from equation (4) follows: 


family deflection curves can also drawn from equation (8) 
substituting the new value the equation for each new curve the 
family. 

Figure shows family curves for three cross-sectional areas the 
Point “1” the same intersection point line (a) and curve (b) 
Figure 3(b) for area, The abscissa point “1”, where equals Ip, 
given relative depth value unity; and the ordinate point “1” also 
given relative stress value unity. The coordinates all other stress 
points are shown relationship the coordinates point “1” which serves 
the critical point for scaling the stress curves. For the deflection curves 
the maximum possible deflection given relative value unity, which 
occurs when equals This serves deflection scale. The evalua- 
tion the above two critical points all that needed for scaling the entire 
interaction diagram proportion. 


Sample calculation: Point Fig. From equation (7), where 


Sample calculation: Point 14, Fig. From equation (8) where 
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RELATIVE DEPTH THE BEAM 


RELATIVE DEPTH THE BEAM 


DIAGRAM FOR PROPORTIONAL LOCATION CURVES 


FIG. 


STRESS AND DEFLECTION FOR VARIABLE DEPTH 


AREA THE BEAM. 
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The Analogy 


The cable and the stiffening truss suspension bridge act analo- 
gous way the beam just described. The function the cable carry 
the suspender loads string. The stress induced the cable analogous 
the axial stress produced the beam. When partial live loading comes 
the span, the cable moves from its dead load position new position 
equilibrium. The live load moment causing movement the cable partial- 
resisted the stiffening truss and partially resisted the deflected 
cable. Hence the action the stiffening truss analogous the action 
the beam considering bending only. 

The beam deflection the same for both the transverse load moment and 
the axial load moment; the truss tied the cable the suspenders 
that takes the same deflections the cable. The deflections the beam 
due transverse loading are reduced the axial load pulling the sagged 
beam cable. The truss reduces the deflections unstiffened cable 
taking part the moment causing deflection from the dead load position, 
deflects with the cable. The amount deflection reduction the beam 
depends upon the distribution material that beam. The amount reduc- 
tion cable deflection the truss depends upon the arrangement the ma- 
terial the truss. Curves stress and deflection the truss versus any 
chord area depth can now drawn, analogous those the beam. The 
equations these curves will derived from consideration the statics 
the stiffening truss, and they will similar form equations (5), (6), 
(8), and (9) for the beam. Then interaction diagram similar Figure 
will drawn for the stress and deflection the truss versus any depth 
chord area. (To simulate the conditions for which the equations were written 
for the beam, one the limiting conditions for the cable and truss system 
that the span and cable length remain unchanged. The effect change 
cable length span upon the interaction diagram will shown later.) 

The cable under dead load takes parabolic shape. (See Figure 1.) 
any section, the simple beam moment for the dead load only balanced 
where H,, the dead load horizontal pull the cable and the 
vertical distance between the cable and the line joining its ends. When partial 
live loading comes the span, the deflection curve becomes reverse curve 
with point inflection near the middle the span. Maximum positive de- 
flection occurs approximately the quarter point for uniform live loading 
over 0.4 the span the same end; and zero deflection for this loading oc- 
curs 0.44 the span the same 

Assume section the quarter The bending moment induced 
the stiffening truss can written from the statical relationship: 


where the deflection the cable truss the quarter point, the 
moment taken the stiffening truss and the simple beam moment the 
quarter point. 


Reference pp. 585, 593. 

This section chosen for convenience comparison published values 
stress and deflection obtained another method analysis, and not 
necessarily the critical section the span. 
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The deflection the truss related its moment follows: 


(11) 


where the modulus elasticity the truss, the moment iner- 
tia the cross-sectional area the truss the quarter point, the 
length truss between the end and the inflection point, and constant 
dependent upon the section considered and the loading condition. For maxi- 
mum stress the quarter point equals 1/9.1, and equals 0.44 the 

Combining equations (10) and (11) eliminate 


The stress the stiffening truss depth then becomes: 


where can considered additional equivalent moment inertia re- 
sistance the truss against transverse loading caused cable action. 
Equation (13) bending expression for the interaction two separate 


bending stresses. The first stress that created the stiffening truss 
simple beam action alone and follows the relationship: 


equals 1/2 when each chord area equals 

The second stress the truss that reduction stress caused cable 
action. This effect alone represented equation (13) when equals zero, 
and the truss merely follows unstiffened cable deflection. The stress then 
becomes: 


Equations (13), (14), and (15) for the truss are analogous equations (9), 


(5), and (6) for the beam respectively. The reciprocal equation (13) 
equal the sum the reciprocals equations (14) and (15). 
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DEFLECTION THE 
UNSTIFFENED CABLE 


J 
DEPTH THE TRUSS 
(A) 
2K Ad, I, 
ot 
DEPTH THE TRUSS, 
(B) 
FIG. DIAGRAM FOR STRESS AND DEFLECTION THE STIFFEN- 
ING TRUSS FOR VARIABLE DEPTH THE TRUSS, FOR 
CONSTANT AREA. 
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| 


From equations (13), (14), and (15), curves stress the truss versus 
the chord area depth can now drawn. variable depth but constant 
chord area discussed first. Figure 5(b) shows the curves, (a) through (c), 
which are identical form with curves (a) through (c) Figure 3(b), re- 
spectively. 

Where line (a) crosses curve (b), this intersection depth curve 
(c) has its maximum value, point “2”, equal half the intersection value 
point “1”. 

The deflection curve the truss, curve (d) Figure 5(a), can also 
drawn. Combining equations (11) and (12) eliminate 


Equation (16) for the truss analogous equation (8) for the beam. 

family curves for different chord areas can also drawn the same 
graph, Figure These curves take the same form the curves Figure 
Point “1” Figure analogous point “1” Figure Once the scale 
for point “1” determined for Figure the rest the graph follows pro- 
portion, was done Figure determine the scale point “1”, find 
the depth and stress for which line (a) and curve (b) coincide. The scale 
the deflection curves determined the deflection the unstiffened cable, 
which becomes the maximum possible deflection the system, represented 
line (e) Figure 5(a). 

Sufficient points for sketching beam three curves are located Fig- 
ure Intermediate curves can sketched eye for preliminary design 
purposes; additional points which cannot plotted Figure propor- 
tion Figure can evaluated from equations (13) (16). 


Illustration 


interaction diagram for stress and deflection versus the chord area and 
depth the stiffening truss the quarter point the channel span will now 
drawn for the Mount Hope Suspension Bridge. Data for the Mount Hope 
Bridge given Figure Although the depth and chord area the main 
span stiffening truss designed are given, will assumed that they are 
unknown and that the interaction diagram constructed for any area 
depth the main span truss. Thus the illustration one design rather 
than analysis. When the diagram drawn, Figure the actual design can 
located it. 

Curves (a), (b), (c), and (d), Figure can drawn when the quantity 

evaluated for solution equations (14), (15), and (16). 
horizontal pull unstiffened cable the tower tops, since equation 
(15) the result letting equal zero equation (13). 

The evaluation the horizontal pull unstiffened cable for partial live 
loading has already been done other writers different The author 
finds convenient use graph unstiffened cable deflections for varying 
ratios live dead load published Hardesty and and 


(b) Reference 214. 
(c) Reference 1110. 
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FIG. DIAGRAM FOR STRESS AND DEFLECTION VERSUS 
DEPTH AND CHORD AREA THE STIFFENING 
TRUSS THE QUARTER POINT THE MAIN SPAN 
THE MOUNT HOPE 
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750 


calculate the horizontal pull the cable the simple beam moment the 
center divided the sag. One curve the graph for upward deflection 
the center for live load over 0.4 the span one end full span dead loading 
reprinted Figure For the Mount Hope Bridge, the live dead load 
ratio for the main span 750/2650 0.283. From Figure the deflection 
the center 0.0102 118.8 1.21 (upward). The new center sag 
becomes 117.6 feet. 

The horizontal pull the cable the tower tops found dividing the 
simple beam moment the center the span the new center sag. 
509,900/117.6 4336 kips. The simple beam moment the 
quarter point 402,230 foot kips. 

Equation (15) then becomes: 


9.1(29) 106 psi 


from which line (a), Figure drawn. inches. 
Equation (14) involves the term the single chord area the stiffening 
truss. trial value must chosen draw the diagram. One sugges- 
tion for determining trial follows: Use trial depth the stiffen- 
ing truss 1-1/2% the span, and draw vertical line that depth 
Figure intersecting line (a) trial point For the Mount Hope 
Bridge 1-1/2% the span 17.8 feet. vertical line this depth inter- 
sects line (a) stress value 31,500 per sq. in. Calculate the value 


from equation (14) that will give this stress value for trial depth 
RATIO LIVE LOAD/DEAD LOAD 


THE MAIN SPAN. LIVE LOAD OVER 0.4 THE SPAN 
ONE END. DEAD LOAD OVER THE ENTIRE SPAN. CABLE 

LENGTH SPAN UNCHANGED. 


10. Many designed bridges have stiffening trusses whose depth approxi- 
mately its length. 
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17.8 feet. equals 29.5 sq. in. Since would unwise plot family 
curves for different areas multiples 29.5, let the trial value 
sq. in. Now equation (14) used again for any depth, and becomes: 


2(1/2) 
psi 


from which curve (b), Figure drawn. inches. 

The intersection line (a) and curve (b) locates point “1”, and furnishes 
scale for its stress and depth. Points “2”, “3”, “4”, etc., Figure follow 
direct proportion correspondingly numbered points Figure this 
way sufficient number points needed sketch curve (c) for three differ- 
ent chord areas can plotted. Curves for intermediate areas can 
sketched eye. 

The scale for the deflection curve, curve (d), Figure found com- 
puting the maximum deflection the deflection unstiffened cable, 
letting equal zero equation (16). Equation (16) then reduces equation 
(17) follows: 


(17) 


and the deflection the quarter for unstiffened cable becomes: 


4336 (10)3(12) 3.66 feet 


The rest the curves follow proportion Figure 

complete the interaction diagram, the additional stress and deflection 
due effect changes length the cable span must added Fig- 
ure 


The Effect Changes Cable Length Span 


The deflection the stiffening truss may considered the result two 
separate deflections, (a) the deflection the stiffened cable from its dead 
load curve under unsymmetrical loading, with the cable length and span un- 
changed, and (b) the deflection the stiffened cable due changes cable 
length span. The stress the truss considered the sum the 
stresses due each 

Three factors contribute the cable deflection due cable length span 
changes. (1) Live load pull the tower tops: This pull due any condi- 
tion live loading which causes unbalanced force the tower top its 
dead load position. The tower top moves the direction the unbalanced 
force towards new position equilibrium. Changes main span sag are 


11. not true that each deflection independent deflection. Studies 
the author indicate that the total deflection changes about one percent 
when the effect each deflection upon the other considered. Reference 
B-12. 
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then computed due the movement both tower tops. (2) change tem- 
perature: This causes change cable length. With the cable pulls bal- 
anced for one position the tower tops, the sag changes due the cable 
length changes can computed for the main and side spans. Unequal sag 
changes cause unequal changes cable pulls the tower tops the side 
and main spans, setting unbalanced force which moves the tower tops 
new position equilibrium. The movement the tower tops found. 
The change main span sag due the change span then computed, and 
added the first sag change give the total sag change due tempera- 
ture change. (3) Elastic stretch the cable due live load stress: This 
similar effect temperature change length, and the procedure 
calculation for change main span sag the same for temperature 
change. 

Sag changes due each the three factors (live load pull, temperature, 
and live load stress) can computed separately. Their total effect, how- 
ever, not the result adding the separate effects, because these factors 
are interrelated with each other. Any change main span sag due tem- 
perature causes change the cable pull, which turn causes change 
the elastic stretch the cable due live load stress. For any given change 
temperature and loading condition, there only one combination sag 
changes due live load pull, temperature, and live load stress that will 
satisfy both statics and geometry. That is, the pulls the tower tops will 
balance, and the original cable length plus any changes length will equal 
the final cable length. This combination must obtained trial and error. 
Often the sum the first approximations are satisfactory for design. 

For the maximum positive moment the stiffening truss the quarter 
point the main span, the combination cable length and span changes are 
chosen which give the greatest downward deflection the main cable. (This 
means rise temperature, and live load the main span only.) The truss 
can change the deflection the cable only the manner which dis- 
tributes partial live loading the suspenders from the deck. will not ap- 
preciably resist deflections the cable due changes cable length 
Hence the flexural stress induced the truss following the cable 
deflections due span cable length changes will vary directly the 
truss depth. 

The deflection the quarter point 0.73 the deflection the center 
due span cable length This quarter point deflection added 
constant quantity the deflection diagram Figure and the hori- 
zontal line below the depth axis, line 

The moment the stiffening truss the quarter point due the cable de- 
flection due changes cable length and span given the 


Studies the author, reference B-14, indicate deflection reduction 
under two percent. 

14. See discussion footnote 17. 

15. Derivation this equation given reference 597. 
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where equals the change main span sag. The stress then becomes: 


from which line (f), Figure drawn. 
The total stress then represented the ordinate from line (f) curve 
(c), and the total deflection represented the ordinate from line (g) curve 


(d). 


Illustration for Effect Cable Length and Span Changes 


The Mount Hope Bridge will used the example. Certain relationships 
are necessary for calculation, indicated Figure and were all taken 
from previous publication suspension Follow the calculations 
Figure and notation Figure 

First assume the tower tops fixed the dead load position. rise 
temperature degrees causes increase both the side and main 
cables 0.339 feet and 0.481 feet respectively. 

estimate next made the value the final live load pull. When 
the cable pulls are later computed statics, the value the live load pull 
can revised, and its effect the total sag changes recomputed. this 
case final value 270 kips made for the live load pull. The changes 
cable length due this pull become 0.112 feet and 0.159 feet for the side and 
main spans respectively. These changes are added the temperature 
changes length. Figure now gives the relationship between small 
change sag and small change the length cable, with the span length 
constant. Using these equations find the side and main cables have in- 
creased sag 2.27 feet and 1.26 feet respectively. 

New cable pulls are then computed for the new sags. For the main span, 
the simple beam moment the center divided the new sag. For the 
side span, the truss moment accounted for calculating the cable 
The result unbalanced force 1183 kips, tending move each tower 
top towards the center the main span. final trial value 0.60 feet 
assumed for each tower movement. this the correct movement, then the 
cable pulls should balance when recomputed for the new sags caused 
change span. 

Figure now gives the relationship between small change sag and 
small change span with the cable length constant. the side span 
the angle inclination the chord joining the ends the side span cable 
with the horizontal (Figure 6). The sag changes caused change span 
are therefore computed upward movement 2.90 feet for the side span 
cable, and downward movement 2.30 feet for the main span cable. Re- 
computing the pulls the tower top now shows the tower top the final 


16. Reference pp. 594-596. 

17. The truss moment subtracted from the simple beam moment when the 
deflected truss below its dead load position, and added the simple 
beam moment when the truss above its dead load position. using 
equation (11), Hardesty and Wessman recommend that evaluated 
1/9.4 when considering the center moment the stiffening truss caused 
changes sag. Reference 597. 
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position equilibrium. Subtracting the dead load cable pull from the final 
cable pull shows the live load pull approximately estimated. 

The cable deflection the quarter point the main span due changes 
cable length and span now becomes 0.73 3.56 2.60 feet and 
represented horizontal line below the depth axis, line (g), Figure 

From equation (19), the stress the stiffening truss the quarter point 
becomes from which line (f), Figure inches. 

Point Figure shows the location the design values depth and 
chord area for the Mount Hope Suspension Bridge. The total stress 21,930 
lbs. per sq. in., and the total deflection 4.49 feet. published value for 
the maximum positive moment the quarter-point the deflection theory 
for this bridge 10,390 foot kips, which when substituted into the flexure 
formula yields stress value 21,950 lbs. per sq. The deflection 
the quarter-point the main span also published 4.5 feet. 


Use Interaction Diagram Design 


Figure interaction diagram. Under unsymmetrical live loading the 
unstiffened cable has certain deflection from its dead load position. The 
stiffening truss reduces that deflection, interacts with the cable re- 
duce the total additional moment due live load causing the cable deflection 
from its dead load position. The amount deflection reduction depends upon 
the moment taken the truss deflects with the cable, which turn 
dependent upon the truss stiffness. For any area depth, Figure gives 
scale the amount reduction. 

The interaction may also considered terms stress reduction the 
stiffening truss, (although must emphasized that the purpose the truss 
control the deflections the cable). Line (a) Figure shows the 
stress that would induced the truss, were have the same deflec- 
tions the unstiffened cable, but not take any part the total additional 
moment due unsymmetrical live loading. When the depth the stiffening 
truss less than the value depth point “1”, line (a) represents the 
maximum stress the stiffening truss can possibly have, because its deflection 
limited the deflection the unstiffened cable. However, the truss and 
the cable interact. deflecting with the cable, part the total additional 
moment taken the truss, which reduces the deflection the cable (and 
thus the system), and the stress the truss then represented curve 
The amount stress reduction due interaction given the ver- 
tical ordinate between curve (c) and line (a) for any depth less than that 
point “1”. 

When the truss depth greater than the depth value point “1”, the 
stress the truss rather than the deflection the cable will limit the de- 
flection the system; and the maximum stress the truss could possibly have 
would that represented curve (b). Interaction, however, exists between 
the cable and truss, with resultant reduction deflection the system. 


18. not strictly true that curves (f) and (g) are straight lines. The main 
span truss does interact reduce the movements the tower tops. 
the main span truss designed accounted for calculating the final 
cable pull Figure 10, the pull will become 4184 kips instead 4208 
kips. This not considered significant enough warrant further re- 
finement the interaction diagram. 

19. Reference 600. 


652-19 


With the cable and truss acting together, the stress the truss once again 
represented curve (c). Now the amount stress reduction due inter- 
action given the vertical ordinate between curve (c) and curve (b) for 
any depth greater than that point “1”. 

After the interaction diagram constructed, the most suitable dimensions 
the main span stiffening truss must found that will limit the deflection 
and stress the quarter point certain specified values. Specifications for 
allowable stress for the silicon steel chords the stiffening truss are 
34,000 per sq. in. for tension and 28,000 lbs. per sq. in. for compres- 
The assumption made that all cross-sectional area the chords 
the truss. 

Draw line (k) parallel line (f) intersecting the vertical axis 28,000 
p.s.i. Any value depth area underneath line (k) satisfies the require- 
ments for stress. 

Let assume that the specification for limiting deflection the same 
the design value deflection. This equals 4.49 feet the quarter point 
the main span. Draw line (h) parallel line (g) deflection value 4.49 
feet above line (g). Any value depth area underneath line (h) satisfies 
the requirements for deflection. 

From Figure (if minimum chord area the criterion for the 
most economical dimensions for the main span truss when trusses de- 
signed exist the side spans are single chord area 16.5 sq. in. anda 
depth 23.5 feet. 

design the values for the side span stiffening truss are unknown, and the 
problem comes deciding what the moment inertia the side span 
stiffening truss will probably be, that its effect upon the choice dimen- 
sions for the main span can considered. Since the design the side span 
stiffening truss will also influenced what the dimensions are for the 
main span truss, there way designing either the side the main 
span truss without assuming trial dimension for the other. One suggestion 
for obtaining the trial moment inertia for the side span stiffening truss 
follows: Use the area and depth represented point “2” the interaction 
diagram for the main span truss trial dimensions for the side span truss. 
Obtain limiting stress curve (k) for the main span, based this trial stiff- 
ness for the side span truss. Determine the most suitable dimensions for the 
main span truss. Adjust the trial moment inertia the side span truss 
value equal slightly greater than the moment inertia the most 
suitable main span truss. Repeat the process and find new value for the 
most suitable main span truss. Readjust the trial moment inertia the 
side span truss until has value equal slightly greater than the value 
moment inertia for the most suitable main span truss. The trial mo- 
ment inertia for the side span truss will then approximate its design 
moment inertia. 

Another problem which may occur design that having suspension 
bridge that cannot sufficiently stiffened reduce undesirable deflection 
without overstressing the truss. The interaction diagram shows under what 
conditions that can happen. certain amount deflection will always exist, 
due changes cable length and span, and there effective way re- 
ducing these deflections means stiffening truss alone. Studies the 


20. Reference 587. 
21. Another criterion may the architectural treatment, limiting the ratio 
depth span. 
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author show that the moment inertia the side span truss can change 
much 100% from its design value and only affect the deflection limit the 
main span cable the quarter point the Mount Hope Bridge 4.23%. 
unlikely that the stiffness the side span truss will increased above 
the value needed carry its maximum moment order reduce deflec- 
tions the main span cable. 

few solutions this problem present themselves another way. (1) The 
main span may changed, (2) the live dead load ratio may changed, 

(3) the cable sag ratio may changed. The interaction diagram may used 
ascertain directly the effect each these changes upon the design the 
suspension bridge stiffening truss. One the assumptions this paper was 
that the primary member (the cable) was designed carry given loads. The 
function the stiffening truss was reduce excessive deflections the 
cable under unsymmetrical live loading. When the required dimensions 
the stiffening truss, however, become excessively high, the dimensions the 
primary member can then changed reduce the required dimensions 
the truss. The discussion the effect the above changes the primary 
member will general terms. Quantitative data not within the scope 
this paper; however, can readily obtained the reader. 

the span decreased (keeping the live dead load ratio and the cable 
sag ratio constant), the cable length change due temperature decreased. 
The live load stress and live load pull are also decreased. Hence the cable 
sag change due cable length and span changes decrease. Line (g) Fig- 
ure moves up. With the same cable sag ratio, but smaller span, the center 
sag less, and results smaller deflection the unstiffened cable. The 
slope line (a) decreases correspondingly. With less total live load the 
main span, the stress the stiffening truss governed curve (b) de- 
creases, and curve (b) moves down. Curves (c) turn move down. These 
changes result smaller chord area the main span truss needed keep 
the deflection and stress within allowable limits. 

the dead load increased, changing the live dead load ratio (but keep- 
ing the span and the cable sag ratio constant), line (g) will not change. 
lower live dead load ratio, however, means less deflection the unstiffened 
cable, and results smaller slope for line (a). Curve (b) will decrease 
slightly. Curves (c) move down. Less chord area needed the stiffening 
truss keep the stress and deflection within the specified limits. larger 
cable cross-sectional area, however, needed because the increased dead 
load. 

the cable sag ratio decreased (keeping the span and the live dead 
load ratio unchanged), the deflections the cable due unsymmetrical live 
loading decreased. This results decrease slope curve (a). Curve 
(b) will decrease only slightly because the increase cable pull will offset 
the reduction cable deflection. Hence the value the live load moment 
causing deflection the cable from its dead load position will not change very 
much. Curves (c) move down. Less single chord area the stiffening truss 
needed limit the cable deflection specified value, but more cross- 
sectional area for the cable needed carry the increased pull. 

The interaction diagram can used observe the effects the changes 
previously discussed. Although quantitative results are not given this 
paper, they readily can obtained directly for any set design conditions. 
The interaction diagram shows the whole picture design glance. 

This paper does not discuss allowable stress values. However, the inter- 
action diagram can used determine where high alloy strength steel 
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needed, and where structural grade steel may sufficient for the stiffening 
truss chords. For example medium carbon steel with allowable com- 
pressive stress 21,000 lbs. per sq. in., and allowable tensile stress 
26,000 lbs. per sq. in. were used for the chords the truss the Mount 
Hope Suspension Bridge, the minimum required chord area would become 
sq. in. with depth 16.2 feet, when stiffening trusses designed exist 
the side Since these dimensions not seem excessive, structural 
steel might have been used advantage the chords the main span truss 
for this bridge. 

The interaction diagram also aids studies the possible use other 
structural materials, with different moduli elasticity. The use lighter 
material than steel, such aluminum with its lower working stress, might 
justified, the depth and chord area were not too large. 


This paper shows how construct and use interaction ciagram de- 
Signing the stiffening trusses suspension bridge. The diagram one 
stress and deflection for any depth chord area. Thus the entire range 
design can visualized one picture. The method applies equally well 
analysis. 

This paper shows how the action complicated statically determinate 
structure such the stiffening truss and cable suspension bridge can 
more readily understood analogy the action statically determinate 
structure. this case the determinate structure beam subjected 
transverse bending and axial tension loads. The same type interaction 
diagram can developed for the arch, which case the analogous 
nate structure becomes beam with transverse bending and axial compres- 
sion loads. 

The interaction diagram simple draw, and requires only one critical 
point for its construction. The formulas used are few number and are not 
elaborate. 

For the suspension bridge the interaction diagram shows the contribution 
various members such the main span stiffening truss, the side span 
stiffening truss, and the cable towards the final stress and deflection the 
main span truss. shows the contribution various factors such cable 
stretch from live load stress from change temperature, and movement 
the tower tops toward the final stress and deflection the main span truss. 
shows whether more economical increase the chord area depth 
the truss. serves aid studying the probable use other materials 
than structural steel for the truss. serves aid studies allowable 
stress and deflection values. partially answers the question the pos- 
sibility having suspension bridge that cannot sufficiently stiffened 
reduce undesirable deflection without overstressing the truss, showing 
what stresses and deflections would exist matter what size truss were 

Perhaps the most significant contribution this method for design that 
shows the designer “what do” directly determine the most suitable 
dimensions. not method trial and error. 


22. Reference 587. 
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